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Abstract
The ρ-meson spectral function in hot and dense asymmetric nuclear matter (number densities of
proton and neutron different) is evaluated in an effective chiral SU(3) model within the mean field
approximation (MFA). The dependence of the vector meson masses on density and tempertaure,
their variation with the asymmetry parameter, the form of the spectral function when the p←→ n
symmetry is broken are studied. One can observe a clear splitting of the longitudinal and transverse
modes among the ρ isospin multiplets. The role of a running tensor coupling on the spectral function
is also studied.
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I. INTRODUCTION
The behaviour of vector mesons in nuclear matter under extreme conditions has attracted
a lot of attention during the recent years, both theoretically and experimentally. The prop-
erties of hadrons at high temperatures and densities are quite different from the properties
of hadrons in vacuum. The medium modification of hadrons have direct consequences on
the experimental observables from the strongly interacting matter produced in heavy ion
collision experiments. The reduction of the vector meson masses in hot and/or dense nuclear
matter could be regarded as a possible signal of the restoration of chiral symmetry [1, 2].
The study of the ρ meson in the medium is particularly interesting, because of the fact that
it can decay directly to lepton pairs [3, 4].
The in-medium properties of the vector mesons have been extensively studied within the
framework of different models [5–7]. Since different formalisms lead to different results, there
exists a lot of controversy regarding these issues. The Brown and Rho [1] scaling suggests
a dropping of the vector meson masses in the medium. Gale and Kapusta [8] have earlier
analyzed the modification of the ρ meson self energy at finite temperature in an isospin-
symmetric pion medium. They have observed the medium corrections to be modest even
upto a temperature of about 0.15 GeV. Chin [9] in his pioneering work predicted an increase
in the mass of the ω meson in the dense nuclear matter within the mean field approximation
(MFA), where the contribution from the Dirac sea (n− n¯ pair production) is not considered.
The mass of the ω meson has been found to decrease in dense nuclear matter by Jean et
al. [10] by taking into account of both the Fermi and the Dirac sea effects. Within the
framework of QHD-I and chiral SU(3)models, it is reported that the peak of the spectral
function shifts towards lower invariant mass regions in RHA, while it is centered around the
nominal ρ-pole in MFA [11] in isospin symmetric medium. The work by Gale and Kapusta
has been extended to an isospin-asymmetric pion medium with large values of the charge
chemical potential µ [12]. They have predicted an asymmetry in the emission rate of the
dileptons. The effects of the asymmetry parameter on the masses of the ρ0, ρ+ and the ρ−-
mesons is studied in [13], where it has been shown that the ρ+ -meson takes slightly higher
and the ρ−-meson takes slightly lower masses compared to the ρ0, with increasing values
of the nucleon density. The propagation of the light mesons σ, ω, ρ, and a0(980) in dense
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hadronic matter is investigated in an effective relativistic hadronic model inspired in the
derivative scalar coupling model (DCM) [14].
In this paper, we attempt to study the properties of the ρ meson by considering its
propagation in hot and dense asymmetric nuclear matter focussing on the role of p ←→ n
symmetry breaking using an effective Lagrangian in chiral SU(3) model within the mean
field approximation (MFA). Chiral SU(3) models have been widely used in the study of
nuclear matter, finite nuclei, and hyperonic matter. The properties of the vector mesons
in nuclear medium, and the energies of the kaons (antikaons) in the asymmetric nuclear
matter were also studied using this model [15]. In the present work we have not considered
the nucleon-antinucleon (n − n¯ ) excitation effect. There is an enhancement of effective
mass for ρ+,0, whereas a reduction is seen for ρ− at the maximum value of the asymmetry
(neutron matter). The fact that the neutron and proton densities are different, brings a
modification of the propagation of ρ±,0 mesons in hot and dense asymmetric nuclear matter.
The remarkable splitting of the spectral functions of the ρ meson triplets, when the discrete
isospin symmetry is broken is revealed.
We organize the paper as follows: Section 2 gives a brief description of the chiral SU(3)
model used in the present investigation. Section 3 discusses the effects of finite temperature,
asymmetry and density on the spectral function of the ρ meson. Section 4 contains the
results and discussion and in section 5, we summarize our main findings of the present
investigation.
II. THE HADRONIC CHIRAL SU(3)× SU(3) MODEL
The effective hadronic chiral Lagrangian density used in the present work is given as
L = Lkin +
∑
W=X,Y,V,A,u
LBW + Lvec + L0 + LSB (1)
Eq. (2.1) corresponds to a relativistic model of baryons and mesons adopting a nonlinear
realization of chiral symmetry [16–19] and broken scale invariance [20–22] as a description
of the hadronic matter. The model was used successfully to describe nuclear matter, finite
nuclei, hypernuclei and neutron stars. The Lagrangian contains the baryon octet, the spin-0
and spin-1 meson multiplets as the elementary degrees of freedom. Here, Lkin is kinetic
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energy term, LBW is the baryon-meson interaction term in which the baryons-spin-0 meson
interaction term generates the baryon masses. Lvec describes the dynamical mass generation
of the vector mesons via couplings to the scalar mesons and contains additionally quartic self-
interactions of the vector fields. L0 contains the meson-meson interaction terms inducing the
spontaneous breaking of chiral symmetry as well as a scale invariance breaking logarithmic
potential. LSB describes the explicit chiral symmetry breaking.
Baryon-scalar meson interactions generate the baryon masses through the coupling of
the baryons to the non-strange σ, the strange ζ scalar mesons and also to scalar-isovector
meson δ. The δ meson is responsible for splitting of proton and neutron effective masses.
The parameters gS1 , g
S
8 and αS are adjusted to fix the baryon masses to their experimentally
measured vacuum values. It should be emphasized that the nucleon mass also depends on
the strange condensate ζ . For the special case of ideal mixing (αS = 1 and g
S
1 =
√
6gS8 ) the
nucleon mass depends only on the non-strange quark condensate.
In analogy to the baryon-scalar meson coupling there exist two independent baryon-
vector meson interaction terms corresponding to the F-type (antisymmetric) and D-type
(symmetric) couplings. Here we will use the antisymmetric coupling, because the universality
principle [23] and the vector meson dominance model suggest that the symmetric coupling
should be small. Additionally, we choose the parameters [16, 17, 19] so as to decouple the
strange vector field φµ ∼ s¯γµs from the nucleon, corresponding to an ideal mixing between
ω and the φ -mesons. A small deviation of the mixing angle from ideal mixing has not been
taken into account in the present investigation.
The concept of broken scale invariance leading to the trace anomaly in (massless) QCD,
θµµ = (βQCD/2g)
〈
GaµνG
a,µν
〉
, where Gaµν is the gluon field strength tensor of QCD, is simu-
lated in the effective Lagrangian at tree level [20–22] through the introduction of the scale
breaking terms
Lscalebreak = −1
4
χ4 ln
χ4
χ40
+
d
3
χ4 ln
(( I3
det 〈X〉0
)( χ
χ0
)3)
(2)
where I3 = det(X) with X as the multiplet for the scalar mesons. The effect of these
logarithmic terms is to break the scale invariance, which leads to the trace of the energy
momentum tensor as
θµµ = (1− d)χ4. (3)
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Hence the scalar gluon condensate of QCD (
〈
GaµνG
a,µν
〉
) is simulated by a scalar dilaton
field in the present hadronic model.
The hadronic properties are studied in the hot and dense asymmetric medium within the
mean field approximation, where all the meson fields are treated as classical fields. Also
in this approximation, only the scalar and the vector fields contribute to the baryon-meson
interaction, LBW , since for all other mesons, the expectation values are zero. The effects
of the isospin asymmetry is introduced through the scalar-isovector δ field and the isospin
asymmetry parameter η is defined as η = 1
2
(ρN − ρP )/ρB, where ρN and ρP are the number
densities of the neutron and the proton and ρB = ρN + ρP , is the total baryon density.
The Lagrangian density in the MFA has the following terms:
LBX + LBV = −
∑
i
ψ¯i [giωγ0ω + giργ0ρ+ giφγ0φ+M
∗
i ]ψi,
Lvec =
1
2
χ2
χ20
(m2ωω
2 +m2ρρ
2 +m2φφ
2) + g44(ω
4 + 6ω2ρ2 + ρ4 + 2φ4),
L0 = −1
2
k0χ
2
(
σ2 + ζ2 + δ2
)
+ k1
(
σ2 + ζ2 + δ2
)2
+ k2
(
σ4
2
+
δ4
2
+ ζ4 + 3σ2δ2
)
+k3χ(σ
2 − δ2)ζ − k4χ4 − 1
4
χ4 ln
χ4
χ40
+
d
3
χ4 ln
((σ2 − δ2)ζ
σ20ζ0
( χ
χ0
)3)
,
LSB = −
(
χ
χ0
)2 [
m2pifpiσ +
(√
2m
2
KfK −
1√
2
m2pifpi
)
ζ
]
, (4)
where M∗i = −gσiσ − gζiζ − gδiδ is the effective mass of the baryon of species i. Here k0,
k1, k2, k3, k4, δ and g4 are parameters corresponding to the Mean-field and the Hartree
approximations in the chiral SU(3) model. The thermodynamical potential of the grand
canonical ensemble Ω per unit volume V at a given chemical potential µi and temperature
T can be written as
Ω
V
= −Lvec − L0 − LSB − νvac − T γi
(2π)3
∫
d3p
[
ln
(
1 + e−
1
T
[E∗i (p)−µ
∗
i ]
)]
. (5)
Here νvac is the vacuum energy (the potential at ρ = 0) that has been subtracted inorder to
obtain a vanishing vacuum energy [20], γi are the spin-isospin degeneracy factor, and γi =
2 for asymmetric nuclear matter. where, E∗i =
√
p2 +M∗2i and µ
∗
i = µi − giωω − giρρ− giφφ
are the single particle energy and the effective chemical potential for the nucleon of species i.
The mesonic field equations are determined by minimizing the thermodynamic potential. We
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shall use the frozen glueball approximation (χ = χ0) , since the dilaton field which simulates
the gluon condensate changes very little in the medium. We then have coupled equations
only for the fields σ, ζ , δ and ω as given by
∂ (Ω/V )
∂σ
= k0χ
2σ − 4k1
(
σ2 + ζ2 + δ2
)
σ − 2k2(σ3 + 3σδ2)− 2k3χσζ − d
3
χ4
( 2σ
σ2 − δ2
)
+m2pifpi +
∑
i
∂M∗i
∂σ
ρSi = 0, (6)
∂ (Ω/V )
∂ζ
= k0χ
2ζ − 4k1
(
σ2 + ζ2 + δ2
)
ζ − 4k2ζ3 − k3χ(σ2 − δ2)− dχ
4
3ζ
+
∂M∗i
∂ζ
ρSi
+
[√
2m2KfK −
1√
2
m2pifpi
]
= 0, (7)
∂ (Ω/V )
∂δ
= k0χ
2δ − 4k1
(
σ2 + ζ2 + δ2
)
δ − 2k2(δ3 + 3δσ2) + k3χδζ − d
3
χ4
( 2δ
σ2 − δ2
)
+
∑
i
∂M∗i
∂δ
ρSi = 0, (8)
∂ (Ω/V )
∂ω
= −m2ωω − 4g44ω3 + gNωρi = 0, (9)
which have to be solved self-consistently to obtain the values of σ, ζ , δ and ω . Here ρSi
and ρi are the scalar and vector densities for the nuclear matter at finite temperature, T
given as
ρSi = γi
∫ d3p
(2π)3
M∗i
E∗i
(ni(p) + n¯i(p)), ρi = γi
∫ d3p
(2π)3
(ni(p)− n¯i(p)) (10)
The ni and n¯i are the thermal distribution functions for the neutron (proton) and the
antineutron (antiproton) respectively.
ni(p) =
1
e(E
∗
i
−µ∗
i
)/T + 1
, n¯i(p) =
1
e(E
∗
i
+µ∗
i
)/T + 1
. (11)
III. RHO MESON SPECTRAL FUNCTION IN ASYMMETRIC NUCLEAR MAT-
TER
The hadronic matter produced in ultra-relativistic heavy-ion collisions at very high den-
sities and temperatures is studied using the finite temperature field theory [24, 25]. In the
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present calculation thermal effects enter through thermal neutron and proton loops. In
Minkowski space, the self-energy of the ρ vector meson can be expressed as [8, 26]
Πµν (k) = ΠL (k)P
µν
L +ΠT (k)P
µν
T , (12)
where k2 = k20−|~k2|. The P µνL and P µνT are the longitudinal and transverse projection tensors
defined as
P 00T = P
0i
T = P
i0
T = 0, P
ij
T = δ
ij − kikj|~k2| , P
µν
L =
kµkν
k2
− gµν − P µνT . (13)
ΠL and ΠT are related to the components of the self-energy by [27]
ΠL (k) =
k2
|~k2|Π
00 (k) , ΠT (k) = −1
2
(
Πµµ +ΠL (k)
)
. (14)
The imaginary part of the retarded propagator is referred to as the spectral function. The
study of the ρ meson spectral function is attributed to calculating the in-medium self-energy
of the ρ meson.
A. ρNN interaction
The contribution of nucleon excitations through nucleon-loop to ρ self-energy is analyzed
in terms of the effective Lagrangian density [28]
LρNN = gρNN
(
Ψ¯γµτ
aΨV µa −
κρ
2Mi
Ψ¯σµντ
aΨ∂νV µa
)
, (15)
where V µa is the ρ meson field and Ψ is the nucleon field. The second order polarization
function or the self energy can be written as
ΠρNNµν = −ig2ρNN
∫ d4p
(2π)4
Tr [Γµ (k)G(p+ k)Γν (−k)G(p)] , (16)
where
Γµ (k) = γµ +
iκρ
2Mi
σµνk
ν , (17)
with σµν =
i
2
[γµ, γν], Mi and M
∗
i are the neutron (proton) masses in vacuum and in the
hot hadronic medium respectively. G(p) is the nucleon propagator in matter which can be
written as
G(p) = (p +M∗i )
{
1
p2 −M∗2i
+ iπδ(p2 −M∗2i ) [θ(p0)ni(p) + θ(−p0)n¯i(p)]
}
. (18)
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The polarization tensor ΠρNNµν (k) can be separated into two parts,
ΠρNNµν (k) = −
(
gµν − kµkν
k2
)
ΠρNNF (k) + Π
ρNN
D,µν (k) , (19)
corresponding to the vacuum and the matter contributions. Using dimensional regularization
and taking a phenomenological subtraction procedure [28], the vacuum part (T = 0) is,
ΠρNNiF,L(T ) (k) = k
2
(
gρNN
π
)2 (
I1 +
κρM
∗
i
2Mi
I2 +
(
κρ
2Mi
)2 k2I1 +M∗2i I2
2
)
, (20)
where
I1 =
∫ 1
0
dx x (1− x) lnC, I2 =
∫ 1
0
dx lnC,C =
M∗2i − x (1− x) k2
M2i − x (1− x) k2
. (21)
The polarization tensor for ρ(0,±) will be same for symmetric nuclear matter and the
condition for current conservation (kµΠµν = Πµνk
ν = 0) is automatically fulfilled. Even
when the nuclear matter is asymmetric, the current is conserved for ρ0 as it involves only
the p−p and n−n loops. i.e., ρ0 is blind to isospin asymmetry. But for the ρ± as they involve
the p−n loop, when the isospin symmetry is broken, the current is only partially conserved.
The Fermi sea polarization function ΠDµν consists of the vector-vector, vector-tensor, and
tensor-tensor contributions and hence can be expressed as
ΠDµν(k) = Π
vv
µν(k) + Π
vt
µν(k) + Π
tt
µν(k). (22)
The real part of the temperature-density dependent polarization tensor in the region of
stable collective modes for ρ+ is given by
ΠDµν(k) = g
2
ρNN
{∫
d4p
(2π)4
2πδ(p2 −M∗2N )
τµν(p, p+ k)
(p+ k)2 −M∗2N
[θ(p0)nN (p) + θ(−p0)nN(p)]
}
+g2ρNN
{∫
d4p
(2π)4
2πδ(p2 −M∗2P )
τµν(p− k, p)
(p− k)2 −M∗2P
[θ(p0)nP (p) + θ(−p0)nP (p)]
}
(23)
where,
τµν(p− k, p) = τ vvµν (p− k, p) + τ vtµν(p− k, p) + τ ttµν(p− k, p) (24)
and
τ vvµν (p− k, p) = 4
[
(p− k)µpν + pµ(p− k)ν − (p− k).p gµν +M∗2P gµν
]
,
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τ vtµν(p− k, p) = 4M∗P
κρ
M
q2Kµν ,
τ ttµν(p− k, p) = 16
(
κρ
4M∗P
)2 [
Kµν
{
2(p.k)2 − p2k2 − k2(p.k)− k2M∗2P
}
− 2k2Pµν
]
(25)
Here Kµν = −gµν + kµkνk2 and Pµν =
{
pµ −
(
p.k
k2
)
kµ
} {
pν −
(
p.k
k2
)
kν
}
.
It can be seen that due to the symmetry breaking, the vector current is not conserved for
the ρ±. An evaluation of the polarization tensor shows that kµΠDµν 6= 0 as required by the
current conservation. By using the techniques of current algebra, it has been shown in [13]
that apart from the fluctuation, there arise an additional contribution to the current, which
is proportional to the difference between the neutron and the proton number densities, when
the ground state does not respect the p←→ n symmetry. i.e. kµΠDµν = 2g2ρNN(ρN − ρP ) for
ρ+. So a redefinition of the polarization tensor is required for studying the vector meson
propagation in asymmetric nuclear matter. The modified polarization tensor in the case
of the vector meson interacting with real particle-hole excitations in the nuclear medium is
given by
Π˜µν = Πµν ∓
2g2ρNN(ρN − ρP )
k0
δ0µδ0ν , (26)
for ρ±. For ρ+, the results are
(Πµµ)
D,vv =
(
g2ρNN
2π2
)∫
∞
0
p2dp
E∗P (k)
1
p|~k| (nP + n¯P )
[(
2M∗2P + k
2
)
ln a− 4p|~k|
]
+
(
g2ρNN
2π2
)∫
∞
0
p2dp
E∗N (k)
1
p|~k| (nN + n¯N)
[(
2M∗2N + k
2
)
ln b− 4p|~k|
]
(Πµµ)
D,vt = −3g
2
ρNN
π2
(
k2
|~k|
)
κρM
∗
P
2M
∫
∞
0
pdp
E∗P (k)
(nP + n¯P ) ln a
−3g
2
ρNN
π2
(
k2
|~k|
)
κρM
∗
N
2M
∫
∞
0
pdp
E∗N(k)
(nN + n¯N ) ln b
(Πµµ)
D,tt =
(
g2ρNN
4π2
)(
κρ
M
)2 ∫ ∞
0
p2dp
E∗P (k)
(nP + n¯P )[
k2
4p|~k|
{(
k2 + 8M∗2P
)
ln a− 4p|~k|
}
+ 4E∗Pk0
]
+
(
g2ρNN
4π2
)(
κρ
M
)2 ∫ ∞
0
p2dp
E∗N (k)
(nN + n¯N)[
k2
4p|~k|
{(
k2 + 8M∗2N
)
ln b− 4p|~k|
}
− 4E∗Nk0
]
(27)
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The redefined polarization tensor calculated using equation (3.15) now fullfils the condi-
tion of current conservation. ΠL and ΠT are calculated using equation (3.3). We have shown
only the results for the ρ+ meson. ρ− being the anti-particle, the results can be obtained by
replacing k0 with −k0 and |~k| with −|~k| and P −→ N . From the expressions it is clear that
the polarization tensors are modified differently for the different members of the multiplet
and this subtle requirement when not considered would lead to unphysical splitting of the
transverse and the longitudinal modes.
Here p = |~p|. ~k is the 3- momentum of the vector meson, ρ. A and B are defined as
a =
k2 + 2p|~k| − 2E∗Pk0
k2 − 2p|~k| − 2E∗Pk0
,
b =
k2 + 2p|~k|+ 2E∗Nk0
k2 − 2p|~k|+ 2E∗Nk0
, (28)
The real and the imaginary parts are calculated by performing the analytic continuation
k0 −→ E+ iε, where, E =
√
M2ρ + |~k|2, Mρ being the invariant mass of the ρ in the medium.
The spectral function is obtained as
AL(T ) = − ImΠL(T )
[M2ρ − (m2ρ +ReΠL(T ))]2 + [ImΠL(T )]2
, (29)
where ΠL(T ) corresponds to the particular member of the triplet. Imaginary parts exist for
Mρ ≥ (M∗N +M∗P ) [9, 11] for ρ± and Mρ ≥ 2M∗ for ρ0.
IV. RESULTS AND DISCUSSIONS
The results of the calculations for the spectral function of the ρ multiplet in the hot and
dense asymmetric nuclear matter are presented in this section. It is clearly emphasized that
the present phenomenological model is intended to study only the effects of the decreasing
neutron and proton effective masses with neutron and proton densities on the ρ-meson
spectral function in the medium. Also any other decay channels which can contribute to
the real and the imaginary parts are neglected here. In the present model the effects of
the finite neutron (proton) density enters through the nucleon loops. From the plots of
the spectral function it will be evident that this is an important effect. The decreasing
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effective neutron (proton) mass with density and asymmetry considerably changes the ρ-
meson spectral function.
In the chiral SU(3) model the parameters used in the calculation of the effective neutron
(proton) masses and the corresponding effective chemical potentials are, mpi = 0.1396 GeV,
mK = 0.498 GeV, mω = 0.783 GeV, fpi = 0.0933 GeV, fK = 0.122 GeV, ζ0 = 0.10656 GeV,
k0 = 2.37, k1 = 1.4, k2 = −5.55, k3 = −2.64, d = 0.064, χ0 = 0.4027 GeV, gσN = 10.6,
gζN = −0.47, gδN = 2.5, g4 = 2.7 [21].
As mentioned above, the variation of the effective neutron (proton) mass and their ef-
fective chemical potentials determine the spectral function of the ρ- meson triplet in the
hot and dense asymmetric nuclear matter. The nuclear matter saturation density is chosen
to be ρ0 = 0.15fm
−3 [21]. Figure 1 depicts the variation of the effective masses of the ρ
multiplet, the neutron and the proton against the scaled density for two different asymmetry
parameter values and for two temperatures, T=0 and 0.15 GeV within MFA. For the same
temperature, there is a considerable splitting in the effective masses of the ρ multiplet, when
the asymmetry parameter is increased. Among the isospin multiplet, the ρ+ takes a larger
mass, ρ− lower mass with that of ρ0 in between. It can be seen that the change in the effec-
tive vector meson masses with the asymmetry parameter is larger than their modification
with temperature.
The effect of the isospin asymmetry on the properties of the ρ vector meson can be
understood in the limit of maximum asymmetry, i.e. η = 0.5, neutron matter.
From figure 2, it can be seen that for a particular value of the asymmetry parameter η,
the effective masses M∗i , (where i = p, n ) drop with the increase in density of the nuclear
medium. This drop in the value ofM∗i with density is seen to be considerably larger than the
modification of M∗i due to temperature at a particular density. For the same density, if η is
increased, the neutron and the proton masses become non-degenerate, the neutron (proton)
mass is lowered (enhanced) and this non-degeneracy is increased with increase in density.
The neutron and the proton chemical potentials µ∗N and µ
∗
P separate, with µ
∗
N going up and
µ∗P going down with increasing η. This behaviour is due to the fact that at finite densities
and for isospin asymmetric nuclear matter, the scalar-isovector field δ contributes, whereas
for isospin symmetric nuclear matter, the δ field has no contribution. While the condensed
11
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FIG. 1: (Color online) Variation of ρ and nucleon effective masses against density for (a) T = 0
and η = 0.1, (b) T = 0 and η = 0.5, (c) T = 0.15 GeV and η = 0.1 and (d) T = 0.15 GeV and
η = 0.5 within MFA in the chiral SU(3) model. as functions of temperature T in GeV.
scalar σ and ζ meson fields generate a shift of the nucleon mass, the δ- meson is responsible
for the splitting of proton and neutron effective masses. The δ-meson is considered to be an
useful degree of freedom in the description of asymmetric nuclear matter.
The present work is limited to the discussion of the effects of the density and asymmetry
on the spectral function of the ρ multiplet. The parameters chosen in the calculation of the
spectral function are, mρ = 0.77GeV, g
2
ρNN = 6.96, and κρNN = 6.1. The coupling constants
gρNN and κρNN are determined from the fitting to the nucleon-nucleon scattering data done
by the Bonn group [29].
Figures 3, 4, and 5 plot the longitudinal and the transverse spectral functions for the
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FIG. 2: (Color online)Variation of nucleon effective masses and effective chemical potentials against
density for (a) ρB = ρ0 and η = 0.1, (b) ρB = ρ0 and η = 0.5, (c) ρB = 3ρ0 and η = 0.1 and (d)
ρB = 3ρ0 and η = 0.5 within MFA in the chiral SU(3) model.
ρ meson in the symmetric and asymmetric cases. For η = 0, the longitudinal and the
transverse peaks are at 0.77 GeV and 0.78 GeV respectively, at a ρ propagation momentum
|~k| = 0.75 GeV for ρB = ρ0. For a small asymmetry, η = 0.1, in the left pannel (figure 4),
there is a very small splitting between the longitudinal and the transverse spectral functions
among the ρ multiplet. The longitudinal spectral function peaks for the ρ0 and the ρ− are at
0.77 GeV, but that for ρ+ is at a lower value of 0.74 GeV. The transverse spectral function
peaks separate with ρ+ taking a higher Mρ value than ρ
− while that of ρ0 lies in between.
From figures 4 and 5, one can see that for low values of η, AL(k) peaks for ρ
+ is at a lower
Mρ, while that for ρ
0 and ρ− are degenerate. But with an increase in η, the peaks clearly
split with that of ρ+ taking higher Mρ values. The peak for ρ
0 lies in between those for ρ+
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FIG. 3: (Color online)Longitudinal and transverse spectral functions for the ρ against the invariant
mass Mρ for ρB = ρ0 in symmetric nuclear matter. |~k| = 0.75 GeV and T=0.15 GeV.
and ρ−. The splitting between the transverse and the longitudinal modes of the multiplet
is seen to increase with increasing values of the asymmetry.
Now consider the extreme limit of asymmetry, i.e. the neutron matter, in figure 5. There
is a clear separation of both the modes among the isospin multiplet. For η = 0.5, ρP = 0
which implies np = n¯p as µ
∗
P = 0, at finite T. So considering the Fermi sea contribution alone,
for ρ+, one can see that the virtual proton propagator modification is due to temperature
alone, whereas for the virtual neutron propagator, modification is due to both density and
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FIG. 4: (Color online)Longitudinal and transverse spectral functions for the ρ multiplet against the
invariant mass Mρ for ρB = ρ0 for two different asymmetry parameters η=0.1 and 0.3 respectively.
|~k| = 0.75 GeV and T=0.15 GeV.
temperature. ρ+ and ρ− will be modified differently as for ρ+ , the contribution is due to
p−nh whereas for ρ−, the contribution is due to n− ph. In the case of ρ0, the contributions
are from n − nh and p− ph. It can be inferred that the modification of propagators of the
members of the multiplet is different for a given asymmetry which results in the different
contribution from different loops involved. From figures 4 and 5, it is evident that the
splitting among the different members of the multiplet and thereby the splitting of the
transverse and the longitudinal modes are highly dependent on the density of the nuclear
matter as well as the asymmetry of the medium. For small asymmetry, longitudinal spectral
density for ρ+ is wider. With increasing asymmetry, the contribution from the particle-hole
sea (p−nh) becomes large and at maximum asymmetry the baryon density is entirely due to
neutron alone. The spectral function plot becomes narrower implying a lower decay width
and more stability. The transverse spectral density is very narrow for low asymmetry which
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FIG. 5: (Color online)Longitudinal and transverse spectral functions for the ρ multiplet against
the invariant mass Mρ for η=0.5 (neutron matter) for two densities ρB = ρ0 and ρB = 0.5ρ0 . |~k|
= 0.75 GeV and T=0.15 GeV.
approaches a δ-function for maximum asymmetry implying high stability. At the extreme
value of asymmetry, for ρ− as mentioned above, there is no density contribution to the virtual
proton propagator. This is reflected in the spectral function plots of ρ−, with AL(k) getting
broader and AT (k) getting narrower, implying different behaviour of AL(k) and AT (k). For
maximum asymmetry, the longitudinal spectral density for ρ− is wider than that for ρ0 and
ρ+ showing the instability of ρ− in this mode. The transverse spectral density is wider for
ρ0 than for ρ±. Moreover, the AT (k) peaks for ρ
0 and ρ+ always lie above that for AL(k),
while for ρ−, AL(k) peak lies above that for AT (k) except for low asymmetry values. This
may be due to the different loops contributing differently for a given value of asymmetry as
explained earlier.
Within MFA, as pointed in [11], the repulsion induced by the Fermi polarization shifts
the spectral function to higher invariant mass values. But the imaginary part coming from
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the particle-hole sector ( p − nh for ρ+, n − ph for ρ− and n − nh, p − ph for ρ0 ) is found
to be different for the different members of the multiplet. This together with the change in
the real part of the spectral function is responsible for the change in the width and the peak
positions of the different members of the multiplet.
For ρB = 0.5ρ0, there is only a small splitting in the longitudinal spectral density even
for η = 0.5. The splitting in the transverse spectral density is significant among the isospin
multiplets, showing the different behaviour of the longitudinal and transverse modes with
varying baryon density and asymmetry when the ρ is propagating with finite momentum in
an asymmetric nuclear medium.
Figures 3b and 3c show the spectral density for running tensor coupling κρNN . Though
the peaks always remain at 0.77 GeV and 0.78 Gev for longitudinal and transverse modes
in the three cases,
√
m2ρ +ReΠL(T ) is different. For κρNN = 2, ReΠL is negative, whereas
ReΠT is positive. A positive value for ReΠT implies a small increase in the effective mass,
while a negative ReΠL, a drop in the effective mass. For κρNN = 2 and 4, the peaks are very
sharp, but for κρNN = 6, the peak widens implying the instability of ρ with increasing κρNN
(-ImΠL(T ) increases with increasing κρNN) within MFA. The transverse spectral function
peaks are at 0.78 GeV and are less wider. For a small density ρB = 0.5ρ0, the peaks almost
approach a δ-function for κρNN = 2. One can observe that for very small densities, both the
longitudinal and the transverse peaks coincide, while the
√
m2ρ +ReΠL and
√
m2ρ +ReΠT
are slightly different. As -ImΠT is always less than -ImΠL, the longitudinal mode is wider
than the transverse one and hence less stable.
In figure 6, the longitudinal and the transverse spectral densities are presented at nuclear
matter saturation density, ρB = ρ0 for η= 0.1 and 0.5. As in figure 3, κρNN is considered as a
running parameter.This is intended to show how sensitive the properties of the vector mesons
are to the magnetic interaction. It has been shown in [13] that the effect of the magnetic
interaction is to reduce the vector meson mass in relativistic Hartree approximation (RHA).
But within MFA, the situation is different. Though the peaks for ρ0 are almost at the
same Mρ value for the symmetric and the asymmetric cases, those for ρ
+ and ρ− are highly
displaced from the nominal pole mass value. From the plots for ρ+, for small asymmetries,
AL(k) peaks are seen to shift to low invariant mass values with increasing κρNN . For the
17
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FIG. 6: (Color online)Longitudinal and transverse spectral functions for the ρ multiplet against the
invariant mass Mρ for ρB = ρ0 for two different asymmetry parameters η=0.1 and 0.5 respectively.
κρNN=2,4,6 , |~k| = 0.75 GeV and T=0.15 GeV.
same κρNN , if we increase the value of η, AL(k) peaks shift to higher invariant mass region
and become less wider denoting more stability. But for ρ− the trend is opposite, with
the peaks shifting to low invariant mass region for maximum asymmetry. The effects are
clearly seen in the AT (k) peaks in the right pannel. For a given value of κρNN , AT (k)
peaks shift to higher Mρ values for ρ
+, whereas, they shift to lower Mρ values for ρ
−. ρ+
is always more stable in both modes within MFA. It can also be inferred that the particles
are more stable when gρNN > κρNN within MFA. From the plots, one can observe that
the transverse spectral density is more modified than the longitudinal mode in an isospin
asymmetric nuclear medium. As explained earlier, this may be due to the different loops
involved contributing differently for a given value of asymmetry. In effect, one can conclude
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that the tensor coupling splits the longitudinal and the transverse modes substantially.
Figures 7, 8, and 9 show the spectral densities of the triplet at ρB = 3ρ0 for T= 0 and
0.15 GeV respectively for a very small asymmetry value η = 0.05 within the MFA. Even
at very small asymmetries, there is a huge difference in the qualitative behaviour of the
transverse and the longitudinal components of the spectral function at very high density.
One can observe that the original spectral distribution of the ρ gets broadened largely that
it is no longer possible to interpret it as a good quasiparticle. A double-hump structure
can be seen for the transverse spectral density for the isospin triplet at T= 0.15 GeV. Such
a behaviour was observed for the ρ meson in dense nuclear matter which includes baryon
resonances N∗(1520) and N∗(1720) [30]. Moreover, the broadening of the spectral density
shows an accummulation of strength over a wide range of Mρ.
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FIG. 8: (Color online)Longitudinal and transverse spectral functions for ρ0 against the invariant
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We are studying the temperature/density effects on the spectral density when the prop-
agation momentum of the ρ meson is very small and the results are depicted in figure 10 for
the nuclear saturation density ρ0. For η = 0, though there is a well-defined peak for AL(k)
atMρ = 0.46 GeV, the transverse spectral function has a double-hump like structure beyond
1 GeV. There is also a large broadening of AL(k). For neutron matter (η = 0.5), the peaks
are at 0.41 GeV, 0.37 GeV, and 0.35 GeV for ρ+, ρ0, and ρ− respectively for AL(k). i.e.
the peaks are highly shifted towards low invariant mass region. Finite density/temperature
effects are found to decrease with increasing momentum. This may be because of the in-
creasing many-body effects when the distances involved are larger as low momentum means
larger distance [8]. The transverse peak for ρ+ becomes very broad and is at Mρ = 0.72
20
0.5 1 1.5 2 2.5
M  GeV
0
0.5
1
1.5
2
2.5
3
3.5
4
A
L(
T)
(k)
 G
eV
-
2
-
AL(k), T=0
AL(k), T=0.15GeV
AT(k), T=0
AT(k), T=0.15GeV
FIG. 9: (Color online)Longitudinal and transverse spectral functions for ρ− against the invariant
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GeV. The broadening of the transverse spectral density shows an accumulation of strength
towards lower invariant mass region. There is no peak for ρ− in the mass range considered,
while for ρ0 it is at 0.4 GeV. This huge difference in the qualitative behaviour of the trans-
verse and the longitudinal modes among the members of the triplet is clearly demonstrated
at low propagation momentum of the ρ meson.
V. SUMMARY
In summary, we have investigated the temperature and the density effects on the ρ meson
spectral function with the effective Lagrangian in the chiral SU(3) model in isospin asym-
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FIG. 10: (Color online) Longitudinal and transverse spectral functions for the ρ multiplet for
nucleon matter (η= 0 ) and neutron matter (η= 0.5) against the invariant mass Mρ. ρB = ρ0, |~k|
= 0.1 GeV and T=0.15 GeV.
metric nuclear medium. The spectral function of the ρ meson is studied by considering the
effects of the decreasing neutron and proton effective masses within MFA. The inclusion
of the neutron-proton asymmetry results in the modification of the pole position and the
imaginary parts of the ρ meson self energy in the medium, which in turn affects the spectral
density of the particular particle concerned. Also this modification is different for different
polarization states. The inclusion of the scalar-isovector field δ which is responsible for the
splitting of the neutron and the proton effective masses, in turn results in the splitting of
the ρ meson triplet.
The properties of vector mesons in nuclear matter are studied in a varied range of density,
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temperature and asymmetry. Under the effects of the Fermi sea alone, one can see that
the ρ+ takes a larger mass than ρ0 and ρ−, with that of ρ0 lying in between. At finite
temperature, the masses of ρ+ and ρ0 undergo an enhancement, while that of ρ−, a reduction
with increasing asymmetry.
The spectral densities of ρ meson propagating in asymmetric nuclear matter are evaluated
in a mean free model. The meson spectral densities in matter are quite different from those in
free space, the difference stemming due to a preferred frame attached to the nuclear matter.
The transverse and the longitudinal components of the spectral density exhibit different
qualitative behaviour in matter, whereas they are degenerate in free space. With increasing
asymmetry, it can be seen that the splitting between the two modes of the triplet increases
and this splitting is more pronounced for the transverse mode. While the peaks for ρ+ move
to higher invariant mass regions, those for ρ− move to lower invariant mass regions. The
peak for ρ0 is almost around its nominal pole mass value. Moreover, for the same asymmetry
and temperature, the splitting is found to increase when the density is increased. A large
variation in the peak positions is observed when the propagation momentum of the ρ is
small implying that the temperature/density effects are larger at small momentum.
The role of the magnetic interaction on the spectral properties is also analyzed by as-
suming running values for κρNN . The particles appear to be more stable when the vector
coupling dominates over the tensor coupling within MFA. The splitting between the different
modes is larger for a larger value of κρNN and the modification of the transverse compo-
nent is larger. For large densities, within MFA the original distribution of the ρ changes
completely that it is no longer possible to interpret it as a particle.
This work can be extended to include arbitrary external magnetic fields to study the
variation of the neutral and the charged ρ meson effective masses, their spectral functions
and the dispersion relations with the external magnetic field.
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